Verification of product and quality control is an integral part of current production process. In terms of functional requirements and product interoperability, it is necessary to analyze their dimensional and also geometric specifications. Threaded holes are verified elements too, which are a substantial part of detachable screw connections and have a broad presence in engineering products. This paper deals with on the analysing of measurement strategies of verification geometric deviation of the position of the threaded holes, which are the indirect method of measuring threaded pins when applying different measurement strategies which can affect the result of the verification of the product..
INTRODUCTION
Threaded holes belong to the group of verified elements, which form a substantial part of detachable screw connections and have a broad presence in engineering products. In general, their construction is difficult to measure. Their positioning and orientation is very important to ensure that the screw connection is properly secured and that the connecting element does not fail. However, measuring the position of the threaded holes is something that is taken for granted. Incorrect techniques are often used, or measurements are made to save time and money at the cost of inaccuracies and measurement errors [1, 2] . Among such improper methods, we can include a methodology whereby the position of the threaded hole or the position of the axis of the threaded hole is determined by inserting threadless calibers into the small diameter of the hole. This will then be scanned to locate only the surface of the component. This method gives us two-dimensional information about the three-dimensional element, namely that where one point is located on the axis of the small diameter of the thread instead of obtaining the position of the center diameter axis of the threaded hole [3] .
In the industry, coordinate measuring machines (hereinafter referred to as 3D CMMs) are often used for this control to ensure high precision and repeatability of measurements. These measurement systems are complemented by software that can evaluate a large amount of data and interpret it correctly to ensure the credibility of the results. Flexibility and reliability in terms of measurement and control allows this machine to use several methods and techniques to determine the actual position of the threaded holes [4] .
No matter how the thread was made, the best way to locate the axis of the thread hole is to locate axes of the center diameter of the thread. This is done using pins to detect the position of the thread hole. The pin is screwed into the thread hole and the axle position is then detected using a 3D measuring machine or other measuring system. The end of the pin that protrudes from the thread hole has a "known cylinder", that is the reference rate. It may also have crevices to facilitate insertion and removal. However, great care must be taken with these calibration pins. All pins should be used with caution when checking the position of the threaded holes. Not one such pin is subject to norms, so design, dimensions, tolerances, and efficiency may vary from one manufacturer to another. Among the most used threaded pins we can include: flexible, fixed, tapered [5] .
Flexible Threaded Pins (Fig. 1a ) -This type of caliber is made of spring tool steel. The threaded portion of the caliber has four grooves of 90° to provide a fixed position in the threaded hole, regardless of its diameter. When screwed into the threaded hole, it fits comfortably into the hole and adapts to the middle diameter of the thread. This feature provides firm hold of the pin in the hole and reduces the perpendicular error that can be brought into measurement. The disadvantage is that the coaxiality between the scanned cylinder and the threaded part can be changed when screwing and are difficult to calibrate. The advantage is that it acts by pressure on the middle diameter of the holes and thus holds it in place. It is questionable whether the coaxiality of the scanned cylinder and the threaded portion is maintained when the gauge thread is squeezed [6] .
Fixed threaded pins (Fig. 1b) -Fixed calibers resemble flexible calibers, but do not have a grooved threaded portion. The caliber is firmly screwed into the hole of the component. The screwing pressure forces the caliber to automatically center in the threaded hole. They are used to determine holes on flat surfaces. The problem occurs if the planes on which it is screwed are not perpendicular to the axis of the thread. Then, the caliber can be skewed and so provide erroneous, badly repeatable data. The advantage is that they can be calibrated, but pay attention to the wear of the front that is attached to the component. They are produced in different sizes and shapes [7, 8] . Tapered threaded pins (Fig. 1c) -Tapered calibers are similar to fixed caliber, with the difference that the thread is tapered. The thread is designed in such a way that its narrower part has the lower limit thread diameter and the wider part of the upper limit. The caliber, when screwed into the holes, is gradually adjacent to the hole until it is finally secured in place. Also, tapered pins are used where the surface on which the thread is located is not perpendicular to the axis of the thread [8, 9] . 
EXPERIMENT CONDITIONS
A round sample (Ø 90 mm) with three threaded openings and one 20 mm diameter reference hole was used in the experiments (Fig. 2) . The sample material was made of EN ISO C45 steel. An indirect method (threaded pins of different metrological quality) was used to determine the position of the three threaded openings on the sample using different measurement strategies. For the experiment, a direct contact probe with the ball-shaped tip (Fig. 3) was used. The Ø6 mm ball is made of synthetic ruby, thermofite drift and carbon fiber extension. As a passive scanning touch sensor, VAST XXT was used (Fig. 4) . 
INDIRECT METHOD OF POSITIONING OF THREADED HOLES -POSITION MEASUREMENT USING THREADED PINS
The essence of this method of measuring the position of the threaded holes is that tapered threaded pins were screwed into the threaded holes (M12 x 1.25), and then we determined the position of the axes of these pins against the reference hole using the 3D CMM.
Two sets of fixed tapered threaded pins (Fig. 5) were used, each type from another manufacturer and of different quality. The pins have a threaded portion and a portion for scanning. These parts are highly accurate and have a guaranteed coaxiality.
a) b) Figure 5. Used threaded pins: a) short, b) long
Threaded pins, which are labeled "short" are of a higher quality than threaded pins that are labeled "long".
The geometric deviation of the position of the threaded hole was determined by two strategies:
• the cylindrical elements of the threaded pins were scan-ned through the strategy: spiral, forming lines and cross-sections (two circles (Fig. 6) , which the software associated the ideal cylinder with the least squares method). The axis of this cylinder represents the axis of the threaded pin, and hence the axis of the threaded hole.
• the scanned cylinders were projected onto the face of the test sample (designation (P)). The resulting points represent the position of the threaded pin and hence the position of the threaded hole.
Subsequently, the desired position deviation of the threaded pins relative to the reference hole was calculated using the software.
Figure 6. Scanning of cylinder element of threaded pin
With a set of short threaded pins, cross-sections were 3 and 6 mm apart. Formed cylinder has a height of 3 mm and 6 mm on the pin. In the set of long threaded pins, cross-sections were 6 mm and 13.5 mm apart. Formed cylinder has a height of 3 mm, 6 mm and 13.5 mm. Each measurement technique was repeated 30 times and after each measurement, the threaded pins were screwed-out and screwed-in again. The pins in the holes were changed.
EXPERIMENT EVALUATION
Comparison of all techniques used to determine the geometric position of the threaded hole No. 1 in terms of measured position deviation is graphically illustrated in Fig   Figure 7 The smallest position deviation is achieved with the threaded pins with projection of the scroll cylinder (P). The position deviation is about 0.12 mm. For pins without projection it is more than three times the value (0.3621 mm and 0.4304 mm).
Figure 8. Comparison of measurement methods used for defining thread hole (No.2) position
The comparison of the measured position deviations for the threaded opening No. 2 is graphically illustrated in Fig. 8 . The position deviation value obtained in the measurement strategy on the non-projected long threaded pin was outside the tolerance field, more than one tenth of a millimeter (0.6167 mm). The values of the other measurement strategies were within the specified 0.5 mm position tolerance.
Comparison of all the techniques used to measure the threaded hole No. 3 in terms of the measured position deviation is graphically shown in Fig. 9 . Outside the tolerance field, there was a position deviation value for the long pin without a projection (0.6549 mm). The short threaded pin has a value just below the tolerance position. The measurement strategy with short and long threaded pins with displacement had a position deviation of 0.2326 mm.
In Fig. 7, 8 and 9 , we can alsosee the qualitative impact between short and long threaded pins to evaluate geometric position deviation.
CONCLUSION
The indirect method was used to determine the position of the threaded holes. In this method, two sets of different tapered threaded pins were used, which were screwed into the holes and subsequently their position was identified by a 3D coordinate measuring machine. The position of the pins represented the position of the threaded holes.
It has been found in the experiment that the results of the measurements by means of threaded pins are not very different from each other. A fundamental difference occurred when different methodologies (with projection and without projection of a geometric element) were used. There was a notable difference -more than three times (between position deviations for different sets of threaded pins).
Based on the results from experimental measurements, we can recommend agreeing a measurement strategy with the measurement provider to avoid unnecessary misunderstandings.
